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intermediate population averages may be attained. Ex-
tending the approach to a full stochastic analysis of
single-cell time series promises yet further insights into
the mechanism and function of epigenetic repression.
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136Cytokinesis Goes Polo
Temporal and spatial coordination of cytokinesis with
chromosome segregation is key for successful cell
division, but it is poorly understood. A recent article
in Science by Pellman and coworkers (Yoshida et al.,
2006) reveals how the yeast polo-like kinase Cdc5 trig-
gers Rho1/RhoA activation and the assembly of the
contractile actin ring during anaphase.
Shortly after the segregation of sister chromatids, cyto-
kinesis completes the actual division of the cell. In ani-
mal cells and fungi, cytokinesis starts with the formation
of a cleavage furrow, where the plasma membrane is
pinched down through actin-dependent contraction at
the cortex. The contractile actin ring (CAR) involved in
this process consists of antiparallel actin cables cross-
linked by myosin II (Glotzer, 2001). Although the mech-
anism of CAR contraction and its regulation are begin-
ning to be fairly well understood, less is known about
CAR assembly and how it is coordinated with mitosis.
In animal cells, nonmuscle myosin II localizes to the en-
tire cell cortex until anaphase. At that point, the contrac-
tile tension exerted by myosin on the cortex is relaxed
around the spindle poles, causing the contracting actin-
myosin network to focus into a ring at the spindle equa-
tor. Therefore, in these organisms CAR assembly and
contraction are strongly interdependent. The situation
is different in fungi like the budding yeast S. cerevisiae,
where myosin II assembles as a ring at the mother-bud
neck during spindle assembly in a septin-dependent
but actin-independent manner. Later in anaphase/early
telophase, this myosin ring recruits actin to form the
CAR. A number of studies have shown that components
of the mitotic exit network (MEN), such as the protein
kinases Cdc15 (Mennsen et al., 2001) and Mob1/Dbf2
(Luca et al., 2001), trigger CAR contraction upon mitotic
exit. In cells where these MEN components do not reach
the cleavage site and contraction fails, the CAR stillassembles properly, demonstrating that contractile ac-
tivity is not required for CAR formation. A comparable
situation is observed in the fission yeast S. pombe
where the septation initiation network (SIN), to which
the MEN is highly similar, triggers CAR contraction. Per-
turbation of the Sid2p-Mob1p (Hou et al., 2004) protein
kinase prevents CAR contraction but not its assembly.
Thus, in both yeasts, how CAR formation is linked to
mitotic progression remained unknown.
In yeast, as in animal cells, CAR assembly involves a
number of players. In addition to Myosin II and septins,
CAR assembly also requires the activity of the Rho
GTPase Rho1 and the formin Bni1 (Tolliday et al.,
2002). Rho1 appears to stimulate the Bni1-dependent
nucleation of actin cables, which can in turn be incorpo-
rated into the CAR. In support of the idea that Rho1 con-
trols Bni1 function, a constitutively active allele of Bni1
partially bypasses the requirement for Rho1 in CAR
assembly. However, little was known about how the
recruitment and function of Rho1 and Bni1 at the bud
neck are coordinated with anaphase.
In a study recently published in Science, David Pell-
man and coworkers show that Rho1 and CAR assembly
is under the direct control of the polo-like kinase Cdc5.
First, the authors wondered whether any of the well-
known late mitotic regulators control CAR assembly.
Comparing the late anaphase arrest of cdc5-2 and
cdc15-2 temperature-sensitive cells, the authors con-
firmed that MEN activity is not required but found that
polo activity is. Further controls demonstrated that this
requirement does not depend on Cdc5 function in early
mitosis or its function in Cdc14 activation during late
anaphase, suggesting that polo might act very directly
in CAR assembly. In support to this idea, the authors
demonstrate that polo directly binds, and activates,
probably through phosphorylation, several GEFs for
Rho1 and, in particular, Tus1 and Rom2. Furthermore,
Cdc5 activity and the ability of both of these GEFs to
bind to Cdc5 were all required for the recruitment of
these molecules and the accumulation of Rho1-GTP at
the cleavage site. Conversely, cells expressing Tus1
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137Figure 1. Cdc5 Plays an Essential Role in Linking Car Assembly and Contraction to Mitotic Progression
Cdc5 promotes Cdk1 activation at the G2/M transition and Rho1-dependent CAR assembly during anaphase. At that stage, Cdk1 inhibits CAR
contraction. Once sister chromatids have been successfully segregated between mother and bud, the MEN promotes Cdk1 inactivation and
mitotic exit, as well as CAR contraction through targeting of the MEN kinase Dbf2/Mob1 to the site of cleavage.and Rom2 phosphomimicking mutants became at least
partially independent of Cdc5 for CAR assembly. Thus,
Cdc5 is directly involved in the activation of Rho1 at the
site of cleavage, and this aspect of its function is both
necessary and sufficient for CAR formation.
With this study, Pellman and coworkers have added a
new function to the long list of Cdc5 roles in mitosis. In
conjunction with Cdk1-cyclin B, Cdc5 regulates APC/c
activation and thus contributes to anaphase onset. At
the same time, Cdc5 phosphorylates the cohesin subunit
Scc1 and facilitates its cleavage and sister chromatid seg-
regation (Alexandru et al., 2001). During anaphase, Cdc5
translocates to the bud neck and promotes Tus1 and
Rom2recruitment, Rho1activation, and CAR assembly. At
spindle poles, Cdc5 contributes to MEN activation and
hence indirectly to mitotic exit and CAR contraction. The
organization of Cdc5 functions therefore ensures that cy-
tokinetic events take place in the right order and in syn-
chrony with spindle function (Figure 1). For example, it
means that CAR assembly takes place before contraction.
This study provides important hints for the analysis of
CAR assembly in animal cells, where both CAR assem-
bly and contraction depend on RhoA. Like yeast Rho1,
RhoA acts through the formin mDia1 (Narumiya and
Yasuda, 2006). In addition, it promotes CAR contraction
through ROCK-dependent phosphorylation of the myo-
sin light chain MRLC (Glotzer, 2001). Thus, it is tempting
to speculate that polo-like kinases might also control
cytokinesis of mammalian cells through phosphoryla-
tion and activation of RhoA GEFs.This study also opens new questions. It is unclear
how Cdc5 triggers different mitotic events at different
times in mitosis. In short, we still know little about how
Cdc5/polo itself is regulated. Is it through its localiza-
tion? If so, then is Cdc5 recruitment to the bud neck re-
quired for CAR assembly? More generally, we still need
to understand how the cell controls Cdc5/polo localiza-
tion throughout mitosis.
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